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(54) Multilayered plastic tubing assembly for fluid and vapor handling systems 

(57) A multi-layer assembly for fluid and vapor han- 
dling and containment systems. The multi-layer tubing 
assembly comprises a permeation resistance layer of 
polymeric material and a layer of multiphase polymer 
surrounding the permeation resistance layer. 
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Description 

Background of the Im/gntinn 

[0001] This application is a continuation-in-part of 
copending appiication serial no. 09/435,737 filed on 
November 8, 1 999, which is a continuation-in-part of 
copending application serial no. 09/376,511 filed on 
August 18, 1999, which is a continuation-in-part of 
serial no. 09/326,719 filed on June. 7, 1999, which is a 
continuation-in-part of serial no. 08/676,728 filed on. 
July 8, 1996, which is a continuation-in-part of serial no. 
08/593,068, filed on January 29, 1996. 
[0002] The present invention relates to multi-layer 
tubing for fluid and vapor handling systems. More spe- 
cifically, it relates to a low cost and high performance 
flexible multi-layer tubing for use in brake and fuel line 
systems which has high mechanical and burst strength 
and low permeation. 

[0003] Tubing assemblies for the transport of liquids 
and vapors are well known in the art. In fuel-line appli- 
cations, tubing assemblies are exposed to a variety of 
deleterious and harmful conditions. The tubing is in 
nearly constant contact with fuel and other automotive 
fluids and additives. Also, there are external environ- 
mental factors such as stone impact and corrosive 
media (such as salt) to consider. Furthermore, engine 
temperatures often rise to extremely high levels, and, in 
cold climates, there is exposure to extremely low tem- 
peratures as well. 

[0004] This abundance of considerations has led to 
design of tubing assemblies having multiple layers. The 
materials of each layer have specific, and preferably 
complementary, properties. Inner tubing layers, for 
example, are typically designed to be resistant to per- 
meation by liquids and gases, while outer layers pos- 
sess mechanical strength and shock resistance. 
[0005] The art contains numerous examples of 
multi-layer tubing assemblies. U.S. Patent No. 
3,561 ,493 to Maillard discloses a tubing assembly hav- 
ing two coextruded layers of different plastics, and a 
coextruded layer of adhesive therebetween. The layers 
are chosen from plastics having complementary proper- 
ties. U.S. Patent No. 4,643,927 to Luecke et al. dis- 
closes a tubing assembly having a central barrier layer 
of polyvinylidene chloride that is relatively gas imperme- 
able. The barrier layer is surrounded by inner and outer 
adhesive layers which in turn are surrounded by inner 
and outer surface layers of polyethylene that protect the 
central barrier layer from degradation. U.S. Patent No. , 
4,887,647 to Igarishi et al. shows a multi-layer tubing 
assembly having an inner fluororubber layer that pre- 
vents degradation due to amine-type additives and also 
exhibits improved adhesion to an outside rubber layer. 
U.S. Patent No. 5,038,833 to Brunnhofer discloses a 55 
tubing assembly having a protective outer polyamide 
layer, a middle alcohol barrier layer of polyvinyl-alcohol, 
and an inner water barrier layer of polyamide. U.S. Pat- 



ent No. 5,076,329 to Brunnhofer shows a five-layer tub- 
ing assembly having outer, inner and middle layers of 
nylon, and intermediate bonding and solvent-blocking 
layers. 

5 [0006] Another requirement for fuel lines is provi- 
sion for discharge of internal static electricity. Accumu- 
lated, undissipated electric charge can eventually cause 
a breach in a fuel line. U.S. Patent Nos. 3,166,688 to 
Rowand et al. and 3,473,087 to Slade disclose poly- 
10 tetrafluoroethylene (PTFE) tubing assemblies having 
electrically conductive inner layers to facilitate dissipa- 
tion of static electrical energy. 

[0007] More recent developments in multi-layer tub- 
ing design have been motivated by governmental regu- 
15 lations limiting permissible hydrocarbon emissions. It is 
known that fluoropolymers exhibit good permeation 
resistance to hydrocarbon fuels. Hence, recent multi- 
layer tubing assemblies have usually included at least 
one permeation-resistant fluoropolymer layer. Difficul- 
20 ties have been encountered, however, in finding a com- 
mercially viable design. Multi-layer tubing assemblies 
utilizing fluoropolymers tend to be rigid and inflexible, 
particularly at low temperatures. Fluoropolymers having 
strong mechanical properties typically do not bond well 
with other non-fluoropolymers. Conversely, fluoropoly- 
mers exhibiting good bondability (polyvinylidene fluo- 
ride (PVDF), in particular) tend to be mechanically 
weak. 

[0008] U.S. Patent No. 5,383,087 to Noone et al. is 
a recent example. It includes an outer impact-resistant 
polyamide layer, an intermediate bonding layer, an inner 
permeation- resistant PVDF layer, and an innermost 
conductive PVDF . layer for dissipation of electrostatic 
charge. All layers are coextruded. The innermost con- 
ductive layer exhibits an exceptional electrostatic dissi- 
pation capacity in the range of 10~ 4 to 10~ 9 ohm/cm 2 . 
Materials possessing such extremely high conductivity, 
however, are typically metallic or brittle plastic. Conse- 
quently, they are difficult to extrude and also exhibit poor 
mechanical properties. Furthermore, most of the fluor- 
opolymers disclosed in the '087 patent bond poorly with 
dissimilar polymers. 

[0009] The fluoropolymer bonding problem is 
addressed in U.S. Patent No. 5,41 9,374 to Nawrot et al. 
Nawrot et al. disclose a multi-layer coextruded tubing 
assembly having an outer layer of polyamide 12, an 
inner PVDF layer, and a middle adhesion binder layer (a 
mixture of polyurethane and ethylene/vinyl acetate 
copolymer). Though, as discussed above, PVDF dem- 
onstrates better adhesion to the polyamide layer, PVDF 
multi-layer tubing suffers from poor cold impact resist- 
ance. This is due to the fact that PVDF becomes brittle 
at low temperatures. 

[0010] Other high performance fluoropolymers, 
such as ethylene tetrafluoroethylene (ETFE), exhibit 
better cold impact resistance but again, have experi- 
enced bonding problems. One approach in the art has 
been to pretreat the ETFE surface using methods such 
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as chemical etching, plasma discharge or corona dis- 
charge. European Patent Application publication no. 0 
551 094, for example, discloses a multi-layer tubing 
assembly in which an inner ETFE layer is treated by 
corona discharge to enhance bonding to an outer polya- 5 
mide layer. Similarly, PCT international application WO 
95/23036 treats an inner ETFE layer with plasma dis- 
charge to achieve better bonding with an outer thermo- 
setting elastomer layer. In the same vein, U.S. Patent 
No. 5,1 70,01 1 etches a fluorocarbon inner layer to pro- 10 
mote better bonding with a polyamide outer layer. These 
approaches, too, have their problems. Pretreatment 
processes such as corona and plasma discharge are 
expensive and can be environmentally hazardous. Fur- 
thermore, in many cases (such as with corona treat- 75 
ment), only temporary bonding is achieved and 
delamination may occur with aging. 
[0011] Another approach has been to utilize multi- 
layer tubing assemblies having fluoroelastomer perme- 
ation-resistant layers and non-fluoroelastomer cover 20 
layers. U.S. Patent Nos. 4,842,024, 4,905,736, 
5,093,166 and 5,346,681 are exemplary. More recently, 
fluoropolymers have been used as a permeation-resist- 
ant layer along with non-fluoroelastomers or polyolefin 
thermoplastic elastomers as a cover layer. These 25 
approaches, however, require a two-step cross-head 
extrusion process and may also require a vulcanization 
process. Such processes are expensive and slow, and 
the mechanical strength and cold impact resistance of 
the resulting tubing is poor. 30 
[0012] Often, there is need for a reinforcement layer 
in the tubing as well. The art contains numerous exam- 
ples of multi-layer tubings which include reinforcement 
layer(s). U.S. Patent Nos. 4,196,464, 4,330,017 and 
4,759,338 disclose reinforced flexible tubings which 35 
have a fiber braiding or filament winding between elas- 
tomer layers. The fiber braiding and/or filament winding 
processes used to make these tubings are slow and 
expensive. Also, use of elastomers entails a time con- 
suming vulcanization process conducted at high tern- 40 
peratures which may be environmentally hazardous. 
[0013] U.S. Patents 5,142,782, 5,142,878 and 
5,170,011 disclose reinforced tubings which include a 
fiber glass braiding layer over a layer of fluoropolymer 
such as PTFE (polytetrafluoro ethylene). The processes 45 
involved in making these tubings are also expensive 
and time consuming, typically involving the multiple 
steps of: (1) sintering and extruding an inner PTFE tub- 
ing layer; (2) applying a braided reinforced glass fiber 
layer over the inner layer; (3) dispersing a PTFE resin 50 
and carrier fluid into the reinforcing layer; and (4) sinter- 
ing the assembled tubing. 

Summary of the Invention 

55 

[0014] This invention relates to a multi-layer assem- 
bly for fluid and vapor handling and containment sys- 
tems. The multi-layer tubing assembly comprises a 



permeation resistance layer of polymeric material and a 
layer of multiphase polymer surrounding the permeation 
resistance layer. 

Detailed Description of the Preferred Embodiments 

[0015] A first embodiment of the present invention 
is a four-layer tubing assembly for use in liquid fuel-line 
applications. It includes an extruded innermost semi- 
conductive fluoropolymer layer. The fluoropolymer is 
made semi-conductive by mixing it with 1% to 10% by 
weight of conductive carbon black. Metallic conductive 
fillers such as silver, copper or steel may also be uti- 
lized. It has a surface resistivity in the range of about 
10 3 to 10 8 ohm/sq. Suitable fluoropolymers for inner 
layer include but are not limited to ethylene tetrafluor- 
oethylene, fluorinated ethylene propylene, hexafluoro- 
propylene, perfluoromethyvinyl ether, chlorotrifluoro- 
ethylene, ethylene chlorotrifluoroethylene, tetrafluor- 
oethylene hexafluoropropylene vinylidene, perfluoro- 
aikoxy, polyvinylindene, polytetrafluoroethylene, and 
copolymers, blends and mixtures thereof. 
[001 6] An inner permeation-resistant fluoropolymer 
layer coextrudable at temperatures below 600 degrees 
Fahrenheit is coextruded with and surrounds the inner- 
most semi-conductive layer. The importance of this 
layer being extrudable at temperatures below 600 
degrees Fahrenheit resides in the fact that the materials 
contained in the cover and/or outer layers, such as 
polyamides, must be extruded at temperatures below 
600 degrees Fahrenheit. Temperatures above 600 
degrees Fahrenheit may liquefy materials such as 
polyamides and make them unsuitable for extrusion. 
Fluoropolymers suitable for the permeation-resistant 
layer are the same as those fluoropolymers identified as 
suitable for the semi-conductive layer. 
[0017] An adhesive layer is coextruded around the 
inner permeation -resistant layer. The adhesive is a pol- 
ymer blend or alloy that has a multiphase morphology 
wherein one phase is compatible or miscible with the 
fluoropolymer utilized in the inner tubing layers, and 
another phase is compatible or miscible with the mul- 
tiphase polymer utilized in the cover layer. Morphology 
development and mechanisms of phase separation in 
polymer alloys and blends is known and is described in 
the inventor's prior art publication, "Morphology and 
Property Control via Phase Separation or Phase Disso- 
lution during Cure in Multiphase Systems", Advances in 
Polymer Technology, Vol. 10, No. 3, pp. 185-203 (1990). 
Use of polymer blends and alloys having multiphase 
morphology is also described in the inventor's prior art 
publications, H. S.-Y Hsich, Proc. 34 th Int. SAMPE 
Symp., 884 (1989), H. S.-Y. Hsich, J Mater. Sci., 25, 
1568 (1990), H. S.-Y. Hsich, Polym. Eng. Sci., 30, 493 
(1990). 

[0018] The material for forming the adhesive layer 
is a polymer blend or alloy that has a multi-phase mor- 
phology wherein one phase is compatible or miscible 
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with fluoropoiymer and another phase is compatible or 
miscible with polyamides. To obtain sufficient bonding 
between each phase of the adhesive layer with the 
adjoining layers, at least 25% volume fraction of one 
phase is miscible with the polymer for forming one of the 
adjoining layer and at least 25% volume fraction of a 
second phase is miscible with the polymer for forming 
the other adjoining layer. 

[0019] A flexible multiphase polymer cover layer is 
coextruded around the adhesive layer. The multiphase 
polymer has at least two glass transition temperatures 
in which their morphology and property can be manipu- 
lated by a thermodynamic process to create the desired 
damping characteristic. This concept of morphology 
control through a thermodynamic process to create the 
desired damping characteristic is also described in the 
inventor's prior art publications cited above. Suitable 
multiphase polymers include but are not limited to 
homopolymers, copolymers, terpolymers, polymer 
blends and polymer alloys of polyamides, polyesters, 
polyurethanes, polyvinyl chlorides, polyalklene naptha- 
late, polyutylene terephthalate, polyolefins, matallocene 
polyolefins, polyarylic, maleic anhyride modified poly- 
olefins and ionomer resins. The polyamides include but 
are not limited to polyamide 12, polyamide 6, their 
copolymers and terpolymers. The flexible multiphase 
polymer can be formed to be rubber-like without the 
requirement of vulcanization. These rubber-like mul- 
tiphase polymers have hardnesses in the range of 
Shore A 50-98 and tensile strengths in the range of 
3000-6000 psi (20-40 MPa). Alternatively, the flexible 
multiphase polymers can be formed to be plastic-like 
having higher hardnesses and tensile strengths than 
the rubber-like multiphase polymers. 
[0020] A desirable morphology and mechanical 
properties of the polymer blends or alloys for forming 
the adhesive layer and the cover layer of multiphase pol- 
ymers can be further improved hy blending two or more 
immiscible polymers with a compatibilizer which will 
consequently result in improved adhesive strength. Fur- 
thermore, during the coextrusion process of the multi- 
layer hose or tubing, the Theological properties of the 
polymer blends or alloys can be properly modified to 
allow the material for forming the adhesive, layer or the 
cover layer of multiphase polymers to obtain proper vis- 
cosity and elasticity to achieve the optimal property for 
extrusion. Such materials for compatibilizers and rheol- 
ogy modifiers include but are not limited to organomers, 
organometailics, organophosphates, siianes, acrylate 
modified polyolefins, acrylate modified fluoropolymers, 
acrylate derivative modified polyolefins, acrylate deriva- 
tive modified fluoropolymers, fluoroelastomers and mix- 
tures thereof. To obtain optimal adhesive strength and 
proper viscosity and elasticity for extrusion, the polymer 
blends or alloys having a multi-phase morphology 
should comprise 0.5% to 20% of compatibilizers and 
rheology modifiers by weight. 

[0021] The multiphase polymer for forming the 



outer layer may have a n on -foamed structure or a 
foamed structure. A foamed multiphase polymer offers 
the tubing assembly the same degree of strengths as a 
non-foamed multiphase polymer, yet the usage of 

5 foamed multiphase polymer for forming the outer layer 
significantly reduces the weight of the tubing compared 
to the non-foamed multiphase polymer. This reduction 
in weight is due to the presence of void spaces in the 
multiphase polymer formed during the foaming process. 

10 [0022] The foaming of the multiphase polymer is 
caused by the addition of a blowing agent into the mul- 
tiphase polymer. Examples of such blowing agents 
include but are not limited to azodicarbonamides, hydra- 
zine derivatives, semi-carbazides, tetrazoles, benzox- 

15 azines and mixtures thereof. The blowing agent is 
mixed with the multiphase polymer just prior to the 
extrusion process. Following the extrusion of the outer- 
layer, the blowing agent will cause the multiphase poly- 
mer to expand or foam, thus creating void spaces within 

20 the outer layer. 

[0023] A second embodiment of the present inven- 
tion is a three-layer tubing assembly for use in liquid 
fuel-line applications. It includes an extruded inner 
semi-conductive and permeation- resistant fluoropoly- 

25 mer layer. The fluoropoiymer is made semi-conductive 
by mixing it with 1 % to 1 0% by weight of conductive car- 
bon black. It has a surface resistivity in the range of 
about 1 0 3 to 1 0 8 ohm/sq. The fluoropoiymer can 
undergo extrusion at temperatures below 600 degrees 

30 Fahrenheit. Suitable fluoropolymers are the same as 
those fluoropolymers identified as suitable in the first 
embodiment. 

[0024] An adhesive layer is coextruded around the 
inner permeation-resistant layer. The adhesive, as in 

35 the first embodiment, is a polymer blend or alloy that 
has a multiphase morphology wherein one phase is 
compatible or miscible with the utilized fluoropoiymer, 
and another phase is compatible or miscible with the uti- 
lized multiphase polymer. A multiphase polymer cover 

40 layer is coextruded around the adhesive layer. Suitable 
multiphase polymers are the same as those identified 
as suitable for the first embodiment. 
[0025] A third embodiment of the present invention 
is a three-layer tubing assembly for use in vapor fuel- 

45 line applications. It includes an extruded inner permea- 
tion-resistant fluoropoiymer layer. The fluoropoiymer is 
extrudable at temperatures below 600 degrees Fahren- 
heit. Suitable fluoropolymers are the same as those 
identified above. 

so [0026] An adhesive layer is coextruded around the 
inner permeation -resistant layer. The adhesive, as in 
the first and second embodiments, is a polymer blend or 
alloy that has a multiphase morphology wherein one 
phase is compatible or miscible with fluoropoiymer and 

55 another phase is compatible or miscible with a mul- 
tiphase polymer. 

[0027] A multiphase polymer cover layer is coex- 
truded around the adhesive layer. Suitable multiphase 



4 



7 



EP 1 077 341 A2 



8 



polymers are the same as those identified above. 
[0028] A fourth embodiment of the present inven- 
tion is a four-layer tubing assembly for use in vapor fuel- 
line applications. The fourth embodiment is the same as 
the third embodiment but includes an additional, outer- 5 
most plastic layer. Suitable plastics for this outermost 
layer include polyamides and polyesters. 
[0029] The fifth embodiment of the present inven- 
tion comprises a reinforced flexible tubing including an 
inner layer of fluoropolymer, a reinforcing fabric ribbon 
layer and a cover layer. Suitable fluoropolymers for the 
inner layer include but are not limited to ethylene 
tetrafluoroethylene, fluorinated ethylene propylene, hex- 
afluoropropylene, perfluoromethyvinylether, chlorotrif- 
luoroethylene, ethylene chlorotrifluoroethylene, 
tetrafluoroethylene hexafluoropropylene vinylidene, per- 
fluoroalkoxy, polyvinylindene, polytetrafluoroethylene, 
and copolymers, blends and mixtures thereof. 
[0030] The cover layer may be comprised of the 
same material as the inner layer or it may be comprised 
of multiphase polymers. The multiphase polymers for 
forming the cover layer are the same as those mul- 
tiphase polymers identified as suitable for forming the 
cover layer in the first embodiment. 
[0031] A reinforcing fabric ribbon layer is disposed 
between the inner layer and cover layer. The tubing is 
manufactured by simultaneously wrapping the reinforc- 
ing fabric ribbon and extruding the cover layer around 
the inner fluoropolymer tubing layer. Expensive and 
time consuming prior art process steps such as braid- 
ing, dispersing binders or adhesive, sintering or vulcan- 
ization are not needed. 

[0032] A sixth embodiment of the present invention 
is a three-layer tubing assembly for use in liquid fuel-line 
applications. It includes an extruded inner conductive 
and permeation- resistant metallic layer. Suitable metals 
for forming the metallic layer include but are not limited 
to copper, aluminum or aluminum alloy. The molten 
metal, or the utilized metal in its liquid state, is extruded 
to form the metallic layer. 

[0033] After the metallic layer has been sufficient 
cooled, a thermoplastic protective layer is extruded 
around the metallic layer. Suitable thermoplastics for the 
protective layer include but are not limited to polyamides 
and polyesters. A multiphase polymer cover layer is 
coextruded around the thermoplastic protective layer. 
Suitable multiphase polymers for forming the cover layer 
are the same as those identified as suitable for forming 
the cover layer in the first embodiment. 
[0034] A seventh embodiment of the present inven- 
tion is a two-layer tubing assembly for use in vapor fuel- 
line applications. It includes an extrudable inner perme- 
ation-resistant thermoplastic layer. Suitable thermoplas- 
tics for forming the inner layer include but are not limited 
to fluoropolymers, polyamides, polyester, poly- 
urethanes, polyvinyl chloride, polyketones, polyolefins 
and mixtures thereof. 

[0035] A multiphase polymer cover layer, capable of 



bonding to the thermoplastic inner layer, is coextruded 
around the thermoplastic layer. Suitable multiphase pol- 
ymers for forming the cover layer are the same as those 
identified for forming the cover layer in the first embodi- 
ment. 

[0036] An eighth embodiment of the present inven- 
tion is a three-layer tube assembly for use in vapor fuel- 
line applications. It includes an innermost layer of nano- 
composite, a middle layer of adhesive and a cover layer 
of multiphase polymer. 

[0037] Polymer nanocomposites are the combina- 
tion of a polymer matrix resin and inorganic particles. 
The resulting nanocomposite particle has at least one 
dimension (i.e., length, width or thickness) in the 
nanometer size range. 

[0038] The benefits of using nanocomposites for 
forming the inner layer include efficient reinforcement 
with minimum loss of ductility and impact strength, heat 
stability, flame resistance, improved gas barrier proper- 
ties, improved abrasion resistance, reduced shrinkage 
and residual stress, altered electronic and optical prop- 
erties. The benefits of using nanocomposites for form- 
ing the inner layer result from the compactness of the 
nanocomposite particles. For instance, since the parti- 
cles are very small, the voids between the particles are 
also very small, thus reducing gas leakage through the 
wall of the tubing formed of nanocomposite. 
[0039] A number of inorganic particles can be used 
for forming the nanocomposite. Such inorganic particles 
include but are not limited to clay and montmorillonite. 
The use of clay for forming the nanocomposite is pre- 
ferred since clay is the inorganic particle easiest to work 
with. To obtain the desirable properties of the nanocom- 
posite, should clay be used as the inorganic particles, 
the nanocomposite should comprise 0.1% to 10% of 
clay by weight. 

[0040] A wide variety of polymers can be used as 
the matrix resins for forming the nanocomposites. The 
polymer which can used as the matrix resins include but 
are not limited to polyamides, polystyrene, polyetherim- 
ide, acrylate and methacrylate oligomers, polymethyl 
methacrylate, polyproylene, polyethylene oxide, epoxy, 
polyimide, unsaturated polyester and mixtures thereof. 
[0041] An adhesive layer is coextruded around the 
inner layer of nanocomposite. The adhesive, as in the 
first embodiment, is a polymer blend or alloy that has 
multiphase morphology wherein one phase is compati- 
ble or miscible with the nanocomposite forming the 
inner layer and another phase is compatible or miscible 
with the multiphase polymer forming the cover layer. 
[0042] A multiphase polymer cover is coextruded 
around the adhesive layer. Suitable multiphase poly- 
mers are the same as those identified in the first embod- 
iment. 

[0043] A ninth embodiment of the present invention 
is a three-layer tube assembly for use in vapor fuel-line 
applications. It includes an inner layer of nanocompos- 
ite, a middle layer of adhesive and a cover layer of ther- 
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mopiastic. Suitable nanocomposites for forming the 
inner layer are the same as those identified as suitable 
for the eighth embodiment. 

[0044] An adhesive layer is coextruded around the 
inner layer of nanocomposite. The adhesive, as in the 
first embodiment, is a polymer blend or alloy that has 
multiphase morphology wherein one phase is compati- 
ble or miscible with the nanocomposite forming the 
inner layer and another phase is compatible or miscible 
with the thermoplastic forming the cover layer. 
[0045] A cover layer of thermoplastic is coextruded 
around the adhesive layer. Suitable thermoplastics for 
forming the cover layer include but are not limited to 
fluoropolymers, polyamides, polyester, polyurethanes, 
polyvinyl chloride, polyketones, polyolefins and mix- 
tures thereof. The thermoplastic can be formed having a 
non-foamed structure or a foamed structure. The proc- 
ess for foaming the thermoplastic is the same process 
for foaming the multiphase polymer as disclosed in the 
first embodiment. 

[0046] A tenth embodiment of the present invention 
is a two-layer tubing assembly for use in vapor fuel-line 
applications. It includes an inner layer of nanocompos- 
ite. Suitable nanocomposites for forming the inner layer 
are the same as those identified for the eighth embodi- 
ment. 

[0047] A multiphase polymer cover layer, capable of 
bonding to the nanocomposite for forming the inner 
layer, is coextruded around the inner layer. Suitable mul- 
tiphase polymers for forming the cover layer are the 
same as those identified as suitable for forming the 
cover layer in the first embodiment. 
[0048] An eleventh embodiment of the present 
invention is a two-layer tubing assembly for use in fuel- 
line applications or a two-layer container assembly for 
use in fuel containment applications. It includes an inner 
layer of a modified fluoropolymer containing a reactive 
group. Examples of such fluoropolymers to be modified 
include but are not limited to ethylene tetrafluoroethyl- 
ene, fluorinate ethylene propylene, hexafluoropropyl- 
ene, perfluoromethyvinylether, chlorotrifluoroethylene, 
ethylene chlorotrifluoroethylene, tetrafluoroethylene 
hexafluoropropylene vinylidene, perfluoromethyvi- 
nylether, chlorotrifluoroethylene, ethylene chlorothrif- 
luoroethylene, tetrafluoroethylene hexafluoropropylene 
vinylidene, perfluoroalkoxy, polyvinylidene, poly- 
tetrafluoro ethylene, and copolymers, blends and mix- 
tures thereof. 

[0049] An outer layer of a polar polymer is extruded 
around and bonded to the inner layer of the modified 
fluoropolymer. Examples of such polar polymers include 
but are not limited to polyamides, modified polyamides, 
polyamide alloys and polyamide blends. 
[0050] One difficulty associated with bonding fluor- 
opolymer with a polar polymer is that fluoropolymer is 
not polar. To improve adhesion or miscibility of two dis- 
similar polymers, the present invention modifies one or 
both of the polymers to provide favorable specific inter- 



actions between two polymers leading to a negative 
contribution to the Gibbs free energy of mixing. These 
interactions include hydrogen bonding, do nor- acceptor 
interactions, dipole-dipole interactions, anion-cation 
5 interactions, ion-dipole interactions, and intrachain 
repulsion. 4 

[0051 ] The fluoropolymer of the present invention is 
modified by attaching a different function group which 
increases the polarity of the fluoropolymer. More specif- , 

10 ically the fluoropolymer is modified to contain a reactive 
group which is more polar than the functional group the 
reactive group replaces. Examples of such reactive 
groups include but are not limited to acrylate, maleic 
anhydride, isocyanurate and mixtures thereof. 

15 [0052] A twelfth embodiment of the present inven- 
tion is a three-layer tubing assembly for use in fuel- line 
applications or a three- layer container assembly for use 
in fuel containment applications. It includes an extruded 
inner semi-conductive and permeation-resistant fluor- 

20 opolymer layer. The fluoropolymer is made semi-con- 
ductive by mixing it with 0.1% to 10% by weight of 
conductive carbon black. It has a surface resistivity in 
the range of about 10 3 to 10 8 ohm/sq. Suitable fluor- 
opolymers are the same as those fluoropolymers identi- 

25 tied as suitable in the first embodiment. 

[0053] A layer of modified fluoropolymer containing 
a reactive group is extruded around the inner layer of 
conductive fluoropolymer. Suitable modified fluoropoly- 
mers are the same those modified fluoropolymers iden- 

30 tified in the eleventh embodiment. A layer of polar 
polymer is extruded around and bonded to the modified 
fluoropolymer. Suitable polar polymers are the same as 
those polar polymers identified as suitable in the elev- 
enth embodiment 

35 [0054] A thirteenth embodiment of the present 
invention is a two-layer tubing assembly for use in fuel- 
line applications or a two-layer container assembly for 
use in fuel containment applications. It includes an inner 
layer of a conductive polymer comprising a polymer and 

40 a conductive filler. Suitable polymer for mixing with the 
conductive filler include but are not limited to fluoropoly- 
mers, polyamides, polyimides, polyesters, epoxies, 
polyurethanes, poiyphenylene sulfides, polyacetals, 
phenolic resins, polyketones, polyvinyl chloride, poly- 

45 olefins and their copolymers, blends, and mixtures 
thereof. Suitable fluoropolymers include but are not lim- 
ited to ethylene tetrafluoroethylene, fluorinate ethylene 
propylene, hexafluoropropylene, perfluoromethyvi- 
nylether, chlorotrifluoroethylene, ethylene chlorotrifluor- 

50 oethylene, tetrafluoroethylene hexafluoropropylene 
vinylidene, perfluoromethyvinylether, chlorotrifluoroeth- 
ylene, ethylene chlorothrifluoroethylene, tetrafluoroeth- 
ylene hexafluoropropylene vinylidene, perfluoroalkoxy, 
polyvinylidene, polytetrafluoroethylene, and copoly- 

55 mers, blends and mixtures thereof. A layer of a polar 
polymer is extruded around and bonded to the layer of 
conductive polymer. Suitable polar polymers are the 
same as those polar polymers identified to be suitable in 
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the eleventh embodiment. 

[0055] According to the present invention, another 
method to improve conductivity of a f I uoro polymer is to 
add conductive filler to the fluoropolymer. Examples of 
such conductive fillers include but are not limited to 5 
mesophase pitch-based graphitic foam in particle form 
with extremely high electric and thermal conductivity for 
dissipating static electrically energy and thermal energy. 
For the purpose of this application, particle form is 
defined as having a size from 0.1 micron to 500 micron 10 
in particle length. To obtain the desirable conductivity 
characteristic, the conductive fluoropolymer should 
comprise 0.1% to 1 5% by weight conductive filler. 
[0056] A fourteenth embodiment of the present 
invention is a three-layer tubing assembly for use in fuel- is 
line applications or a three-layer container for use in fuel 
containment applications. It includes an extruded inner 
conductive and permeation- resistant floropolymer layer. 
The fluoropolymer is made conductive by mixing it with 
0.1% to 15% by weight conductive filler. Examples of 20 
such conductive fillers include but are not limited to 
mesophase pitch -based graphitic foam in particle form 
with extremely high electric and thermal conductivity for 
dissipating static electrically energy and thermal energy. 
The conductive polymer has a surface resistivity in the 25 
range of about 1 0 3 to 1 0 8 ohm/sq. A layer of a modified 
fluoropolymer is extruded around the inner layer of con- 
ductive fluoropolymer. Suitable modified fluoropolymers 
are the same those modified fluoropolymers identified in 
the eleventh embodiment. A layer of polar polymer is 30 
extruded around and bonded to the layer of modified 
fluoropolymer. Suitable polar polymers are the same as 
those polar polymers identified to be suitable in the elev- 
enth embodiment. 

[0057] A fifteenth embodiment of the present inven- 35 
tion is a three-layer tubing assembly for use in fuel-line 
applications or a three-layer container for use in fuel 
containment applications. It includes an inner layer of 
polymer having good permeation or chemical resist- 
ance. A middle-layer of damping polymeric material 40 
extruded around or applied on the inner polymeric layer 
and an outer polymer extruded around the damping 
layer. 

[0058] The inner polymer layer and the outer poly- 
mer layer may be the same polymer or they may be dif- 45 
ferent polymers. Examples of such polymers for forming 
the inner polymer layer and/or the outer polymer layer 
include but are not limited to fluoropolymers, polya- 
mides, polyimides, polyesters, epoxies, polyurethanes, 
polyphenylene sulfides, polyacetals, phenolic resins, 50 
polyketones, polyvinyl chloride, polyolefins and their 
copolymers, blends and mixtures thereof. 
[0059] The polymer for forming the inner polymeric 
layer and/or the outer polymeric layer may also be con- 
ductive for dissipating static electric energy and thermal 55 
energy. The conductive polymer comprises a polymer 
resin and a conductive filler. Examples of such polymer 
resins include but are not limited to elastomers, thermo- 



plastic elastomers, block copolymers, fluoropolymers, 
polyamides, polyimides, polyesters, epoxies, poly- 
urethanes, polyphenylene sulfides, polyacetals, phe- 
nolic resins, polyketones, polyvinyl chloride, polyolefins, 
and copolymers, blends and mixtures thereof. The con- 
ductive filler is made from mesophase pitch-based 
graphitic foam in particle form with extremely high elec- 
tric and thermal conductivity. 

[0060] The middle layer of polymeric material has a 
high damping factor (the ratio of the loss modulus over 
the storage modulus) but with a modulus lower than the 
modulus of the material forming the inner-layer and the 
material forming the outer- layer. The multi-layer assem- 
bly with a constrained damping layer structure has a 
much higher damping efficiency than that of free damp- 
ing layer structure which is without an outer layer of high 
modulus material covering the damping material layer. 
The damping material layer exhibits both the capacity to 
store energy (elastic) and the capacity to dissipate 
energy (viscous). The damping material may be 
extruded around the inner layer or the damping material 
can be applied on the inner layer with a brush or spray. 
Examples of such damping polymers which can be 
extruded include but are not limited to fluoropolymers, 
polyamides, polyimides, polyesters, epoxies, poly- 
urethanes, polyphenylene sulfides, polyketones, polyvi- 
nyl chloride, polyolefins, and copolymers, blends and 
mixtures thereof. Examples of such damping polymers 
which can applied on the inner layer with a brush or 
spray include but are not limited to elastomers, thermo- 
plastic elastomers, and block copolymers comprising a 
rigid block polymer and a flexible block polymer. 
[0061 ] The extrudable damping polymer for forming 
the middle layer may have a non-foamed structure or a 
foamed structure. A foamed structure increases the 
damping characteristic of the middle layer. The foaming 
of the extrudable damping polymer is caused by the 
addition of a blowing agent into the damping polymer. 
Examples of such blowing agents include but are not 
limited to azodicarbonamides, hydrazine derivatives, 
semi-carbazides, tetrazoles, benzoxazines and mix- 
tures thereof. The blowing agent is mixed with the 
damping polymer just prior to the extrusion process. 
Following the extrusion of the damping polymer, the 
blowing agent will cause the damping polymer to 
expand or foam, thus creating void spaces within the 
outer layer. 

[0062] The damping polymeric material can also be 
a multiphase polymer. The multiphase polymer has at 
least two glass transition temperatures in which their 
morphology and property can be manipulated by a ther- 
modynamic process to create the desired damping 
characteristic. Suitable multiphase polymers are the 
same as those identified in the first embodiment. 
[0063] A sixteenth embodiment of the present 
invention is a three-layer tubing assembly for use in fuel- 
line applications or a three-layer container for use in fuel 
containment applications. It is essentially the same as 
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the multi-layer assembly identified in the fifteenth 
embodiment but includes an inner layer of metal rather 
than an inner layer of polymer. The sixteenth embodi- 
ment includes an inner layer of metal. A middle-layer of 
damping polymeric material is extruded around or 5 
applied on the inner polymeric layer and an outer poly- 
mer is extruded around the damping layer. 
[0064] The metal for forming the inner layer is 
selected from the group consisting of steel, aluminum, 
copper and their alloys. The inner layer of metal may be 10 
treated to provide corrosion protection. Suitable mate- 
rial for treating the inner layer include but are not limited 
to terne (an alloy of normally 85% lead and 15% tin), 
zinc-rich paint, aluminum-rich paint, electroplated zinc 
or zinc-nickel, zinc-aluminum alloy (or also known under 15 
the trademark GALFAN), hot dip aluminum, epoxy coat- 
ing, polyvinyl fluoride or polyvinyl di-fluoride coating, 
nylon coating and combination thereof. 
[0065] Suitable damping polymers for forming the 
middle layer are the same as those damping polymers 20 
identified as suitable in the fifteenth embodiment. Suita- 
ble polymer for forming the outer layer the same as 
those polymers identified as suitable in the fifteenth 
embodiment. As in the fifteenth embodiment, the damp- 
ing polymer in the sixteenth embodiment has a high 25 
damping factor but with a modulus lower than the mod- 
ulus of the material forming the inner-layer and the 
material forming the outer-layer material. 
[0066] A seventeenth embodiment of the present 
invention is a three-layer tubing assembly for use in fuel- 30 
line applications or a three-layer container for use in fuel 
containment applications. The seventeenth embodi- 
ment includes an inner permeation resistance layer of 
polymeric material. A middle- layer of metallic material 
surrounds the inner permeation resistance layer of pol- 35 
ymeric material and an outer damping layer of poly- 
meric material is extruded around the middle layer of 
metallic material. The metallic material can be extruded, 
blow molded or wrapped around the inner permeation 
resistance layer. 40 
[0067] The polymeric material for forming the per- 
meation resistance layer is selected from the group con- 
sisting of fluoropolymers, polyamides, polyimides, 
polyesters, epoxies, polyurethanes, polyphenylene 
sulfides, polyacetals, phenolic resins, polyketones, pol- 45 
yvinyl alcohols, polyolefins, and mixtures thereof. 
[0068] The metallic material for forming the middle 
layer is selected from the group consisting of steel, alu- 
minum, copper and their alloys. Suitable polymeric 
material for forming the outer damping layer may be 50 
from the same group of the polymeric material suitable 
for forming the inner permeation resistance layer. Alter- 
natively, the polymeric material for forming the outer 
damping layer may be formed of a multiphase polymer. 
Suitable multiphase polymers are the same as those 55 
identified as suitable for the first embodiment. 
[0069] The eighteenth embodiment of the present 
invention is a four-layer tubing assembly for use in fuel- 



line applications or a four-layer container for use in fuel 
containment applications. It is essentially the same as 
the multi-layer assembly identified in the seventeenth 
embodiment but includes a layer of adhesive between 
the layer of metallic material and the damping layer of 
polymeric material. The eighteenth embodiment 
includes an inner permeation resistance layer of poly- 
meric material. A layer of metallic material surrounds 
the inner permeation resistance layer of polymeric 
material. The metallic material can be extruded, blow 
molded or wrapped around the inner permeation resist- 
ance layer. A layer of adhesive is extruded around the 
layer of metallic material and an outer damping layer of 
polymeric material is extruded around the layer of adhe- 
sive. Suitable polymeric materials for forming the inner 
permeation resistance layer are the same as those 
identified as suitable for the seventeenth embodiment. 
Suitable metallic materials are the same as those iden- 
tified as suitable for the seventeenth embodiment. Suit- 
able polymeric materials for forming the damping layer 
are the same as those identified as suitable for the sev- 
enteenth embodiment. 

[0070] The adhesive can be a single-phase poly- 
mer or a multiphase polymer. The multiphase polymer is 
a polymer blend or alloy that has a multiphase morphol- 
ogy wherein one phase is adherable to the metallic 
material for forming the metallic layer and another 
phase is compatible or miscible with the polymeric 
material for forming the damping layer. Suitable mul- 
tiphase polymers for forming the adhesive layer are the 
same as those identified as suitable for the first embod- 
iment. 

[0071] The nineteenth embodiment of the present 
invention is a two-layer tubing assembly for use in fuel- 
line applications or a two-layer container for use in fuel 
containment applications. It includes an extrudable 
inner permeation-resistance layer of polymeric material. 
Suitable polymeric material for forming the inner perme- 
ation-resistance layer include but are not limited to fluor- 
opolymers, polyamides, polyimides, polyesters, 
epoxies, polyurethanes, polyphenylene sulfides, polya- 
cetals, phenolic resins, polyketones, polyvinyl alcohols, 
polyolefins, and mixtures thereof. 
[0072] A multiphase polymer cover layer, capable of 
bonding to the thermoplastic inner layer, is coextruded 
around the thermoplastic layer. Suit multiphase poly- 
mers for forming the cover layer are the same as those 
identified for forming the cover layer in the first embodi- 
ment. 

[0073] The twentieth embodiment of the present 
invention is a three-layer tubing assembly for use in fuel- 
line applications or a three-layer container for use in fuel 
containment applications. It is essentially the same as 
the multi-layer assembly identified in the nineteenth 
embodiment but includes a conductive layer of conduc- 
tive polymeric material radially inwardly of the permea- 
tion resistance layer. The twentieth embodiment 
includes a conductive layer of conductive polymeric 
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material. A permeation resistance layer of polymeric 
material is extruded around the conductive layer. A layer 
of multiphase polymer is coextruded around the inner 
permeation resistance layer of polymeric material. Suit- 
able polymeric materials for forming the permeation 
resistance layer are the same as those identified as suit- 
able for the nineteenth embodiment. Suitable mul- 
tiphase polymers are the same as those identified as 
suitable for the nineteenth embodiment. 
[0074] The conductive polymeric material is made 
conductive by mixing polymeric material with 1 % to 10% 
by weight of conductive carbon black or by mixing poly- 
meric material with 1 % to 1 0% by weight of metallic con- 
ductive filler selected from the group consisting of silver, 
copper and steel. Suitable polymeric materials include 
but are not limited to fluoropolymers, polyamides, poly- 
imides, polyesters, epoxies, polyurethanes, polyphe- 
nylene sulfides, polyacetals, phenolic resins, 
polyketones, polyvinyl alcohols, polyolefins, and mix- 
tures thereof. The resultant conductive polymeric mate- 
rial has a surface resistivity in the range of about 1 0 3 to 
10 8 ohm/sq. 

[0075] The twenty-first embodiment of the present 
invention is a four-layer tubing assembly for use in fuel- 
line applications or a four-layer container for use in fuel 
containment applications. The twenty-first embodiment 
includes an inner layer of polymeric material. A perme- 
ation resistance layer of polymeric material is extruded 
around the inner layer. A layer of multiphase polymer is 
coextruded around the permeation resistance layer of 
polymeric material. A cover layer polymeric material is 
extruded around the layer of multiphase polymer. The 
polymeric material for forming the cover layer can be a 
single phase polymer or a multiphase polymer. Suitable 
polymeric materials for forming the inner layer include 
but are not limited to fluoropolymers, polyamides, poly- 
imides, polyesters, epoxies, polyurethanes, polyphe- 
nylene sulfides, polyacetals, phenolic resins, 
polyketones, polyvinyl alcohols, polyolefins, and mix- 
tures thereof. The polymeric material for forming the 
inner layer can be nonconductive or conductive. The 
conductive polymeric material is made conductive in the 
same manner as disclosed in the twentieth embodi- 
ment. 

[0076] Suitable polymeric materials for forming the 
permeation resistance layer are the same as those 
identified as suitable for the twentieth embodiment. Suit- 
able multiphase polymers are the same as those identi- 
fied as suitable for the twentieth embodiment. Suitable 
single phase polymer for forming the cover layer include 
but are not limited to fluoropolymers, polyamides, poly- 
imides, polyesters, epoxies, polyurethanes, polyphe- 
nylene sulfides, polyacetals, phenolic resins, 
polyketones, polyvinyl alcohols, polyolefins, and mix- 
tures thereof. The preferred polymeric material for form- 
ing the cover layer is polyamide 12. 
[0077] The twenty-second embodiment of the 
present invention is a five-layer tubing assembly for use 



in fuel-line applications or a five-layer container for use 
in fuel containment applications. The twenty-second 
embodiment includes an innermost layer of conductive 
polymeric material. An inner layer of polymeric material 

5 is extruded around the innermost layer of conductive 
polymeric material. A permeation resistance layer of 
polymeric material is extruded around the inner layer. A 
layer of multiphase polymer is coextruded around the 
permeation resistance layer of polymeric material. A 

70 cover layer polymeric material is extruded around the 
layer of multiphase polymer. The polymeric material for 
forming the cover layer can be a single phase polymer 
or a multiphase polymer. Suitable polymeric materials 
for forming the inner layer include but are not limited to 

75 fluoropolymers, polyamides, polyimides, polyesters, 
epoxies, polyurethanes, polyphenylene sulfides, polya- 
cetals, phenolic resins, polyketones, polyvinyl alcohols, 
polyolefins, and mixtures thereof. The polymeric mate- 
rial for forming the inner layer can be nonconductive or 

20 conductive. The conductive polymeric material is made 
conductive in the same manner as disclosed in the 
twentieth embodiment. 

[0078] Suitable polymeric materials for forming the 
permeation resistance layer are the same as those 

25 identified as suitable for the twentieth embodiment. Suit- 
able multiphase polymers are the same as those identi- 
fied as suitable for the twentieth embodiment. Suitable 
single phase polymer for forming the cover layer include 
but are not limited to fluoropolymers, polyamides, poly- 

30 imides, polyesters, epoxies, polyurethanes, polyphe- 
nylene sulfides, polyacetals, phenolic resins, 
polyketones, polyvinyl alcohols, polyolefins, and mix- 
tures thereof. The preferred polymeric material for form- 
ing the cover layer is polyamide 1 2. 

35 [0079] Various features of the present invention 
have been described with reference to the above 
embodiments. It should be understood that modification 
may be made without departing from the spirit and 
scope of the invention as represented by the following 

40 claims. 

Claims 

1 . A multi-layer assembly for fluid and vapor handling 
45 and containment systems comprising: 

a permeation resistance layer of polymeric 
material; and 

a layer of multiphase polymer surrounding said 
so permeation resistance layer. 

2. The multi-layer assembly as claimed in claim 1 
wherein multiphase polymer is selected from a 
group consisting of polyamides, polyesters, poly- 

55 urethanes, polyvinyl chlorides, polyalkylene naph- 
thalate, polybutylene terephthalate, polyolefins, 
their copolymers, terpolymers, polymer blends, and 
polymer alloys. 



9 



17 



EP 1 077 341 A2 



18 



3. The multi-layer assembly as claimed in claim 2 
wherein polyamide is selected from a group con- 
sisting of polyamide 12, polyamide 6, their copoly- 
mers and terpolymers. 

5 

4. The multi-layer assembly as claimed in claim 1 
wherein polymeric material for forming said perme- 
ation layer is selected from the group consisting of 
fluoropolymers, polyamides, polyimides, polyes- 
ters, epoxies, polyurethanes, polyphenylene 10 
sulfides, polyacetals, phenolic resins, polyketones, 
polyvinyl alcohols, polyolefins, and mixtures 
thereof. 

5. The multi-layer assembly as claimed in claim 1 fur- 15 
ther comprising a conductive layer of conductive 
polymeric material radially inwardly of said permea- 
tion resistance layer. 

6. The multi-layer assembly as claimed in claim 5 20 
wherein said conductive polymeric material com- 
prises 1 % to 1 0% by weight of conductive carbon 
black. 

7. The multi-layer assembly as claimed in claim 5 25 
wherein said conductive polymeric material com- 
prises 1 % to 10% by weight of metallic conductive 
filler selected from the group consisting of silver, 
copper and steel. 

30 

8. The multi-layer assembly as claimed in claim 5 
wherein polymeric material for forming said con- 
ductive layer is selected from the group consisting 
of fluoropolymers, polyamides, polyimides, polyes- 
ters, epoxies, polyurethanes, polyphenylene 35 
sulfides, polyacetals, phenolic resins, polyketones, 
polyvinyl alcohols, polyolefins, and mixtures 
thereof. 

9. The multi-layer assembly as claimed in claim 5 40 
wherein said conductive layer has a surface resis- 
tivity of approximately 1 0 3 to 1 0 8 ohm/sq. 

10. A multi-layer assembly for fluid and vapor handling 
and containment systems comprising: 45 

an inner layer of polymeric material; 

a permeation resistance layer of polymeric 

material surrounding said inner layer; 

a layer of multiphase polymer surrounding said 50 

permeation layer; and 

a cover layer of polymeric material surround 
said layer of multiphase polymer. 

11. The multi-layer assembly as claimed in claim 10 55 
wherein said multiphase polymer is selected from a 
group consisting of polyamides, polyesters, poly- 
urethanes, polyvinyl chloride, polyalkylene naph- 



thaiate, polybutylene terephthalate, polyolefins, 
their copolymers, terpolymers, polymer blends and 
polymer alloys. 

12. The multi-layer assembly as claimed in claim 11 
wherein said polyamides are selected from a group 
consisting of polyamide 12, polyamide 6, their 
copolymers and terpolymers. 

13. The multi-layer assembly as claimed in claim 10 
wherein said polymeric material for forming said 
cover layer is polyamide 12. 

14. The multi-layer assembly as claimed in claim 10 
wherein said polymeric materia! for forming said 
cover layer is a multiphase polymer. 

15. The multi-layer assembly as claimed in claim 14 
wherein said multiphase polymer for forming said 
cover layer is selected from a group consisting of 
polyamides, polyesters, polyurethanes, polyvinyl 
chloride, polyalkylene naphthalate, polybutylene 
terephthalate, polyolefins, their copolymers, terpol- 
ymers, polymer blends and polymer alloys. 

16. The multi-layer assembly as claimed in claim 10 
wherein said inner layer of polymeric material is a 
conductive polymer. 

17. The multi-layer assembly as claimed in claim 16 
wherein said conductive layer has a surface resis- 
tivity of approximately 1 0 3 to 1 0 8 ohm/sq. 

1 8. The multi-layer assembly as claimed in claim 1 0 fur- 
ther comprising a conductive layer of conductive 
polymeric material radially inwardly of said inner 
layer of polymeric material. 

19. The multi-layer assembly as claimed in claim 10 
wherein said polymeric material for forming said 
inner layer is selected from the group consisting of 
fluoropolymers, polyamides, polyimides, polyes- 
ters, epoxies, polyurethanes, polyphenylene 
sulfides, polyacetals, phenolic resins, polyketones, 
polyvinyl alcohols, polyolefins and mixtures thereof. 

20. The multi-layer assembly as claimed in claim 10 
wherein said polymeric material for forming said 
permeation layer is selected from the group con- 
sisting of fluoropolymers, polyamides, polyimides, 
polyesters, epoxies, polyurethanes, polyphenylene 
sulfides, polyacetals, phenolic resins, polyketones, 
polyvinyl alcohols, polyolefins and mixtures thereof. 

21. A multi-layer assembly for fluid and vapor handling 
and containment system comprising: 

a permeation resistance layer of polymeric 
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material; 

a layer of metallic material surrounding said 
permeation resistance layer of polymeric mate- 
rial; and 

an outer layer of polymeric material surround- s 
ing said layer of metallic material. 

22. The multi-layer assembly as claimed in claim 21 
wherein said polymeric material for forming said 
outer layer is a multiphase polymer. io 

23. The multi-layer assembly as claimed in claim 22 
wherein said multiphase polymer for forming said 
outer layer is selected from the group consisting of 
polyamides, polyolefins, polyesters, polyketones, is 
vinyl alcohols, fluoropolymers, polyurethanes, their 
copolymers, terpolymers, polymer blends, and pol- 
ymer alloys. 

24. The multi-layer assembly as claimed in claim 21 fur- 20 
ther comprising an adhesive layer of polymeric 
material located between said layer of metallic 
material and said outer layer of polymeric material. 

25. The multi-layer assembly as claimed in claim 24 25 
wherein said polymeric material for forming said 
adhesive layer is a multiphase polymer. 

26. The multi-layer assembly as claimed in claim 25 
wherein said multiphase polymer is selected from 30 
the group consisting of homopolymers, copoly- 
mers, terpolymers, polymer blends and polymer 
alloys of polyamides, polyesters, polyurethanes, 
polyvinyl chlorides, polyalklene napthalate, polyuty- 
lene terephthalate, polyolefins, matallocene poly- 3S 
olefins, polyarylic, maleic anhyride modified 
polyolefins and ionomer resins. 

27. A multi-layer tubing assembly comprising: 

40 

an extruded inner layer of thermoplastic; 

an adhesive layer coextruded around said 

inner layer; and 

a cover layer of a multiphase polymer coex- 
truded around said adhesive layer; wherein 45 
said multiphase polymer forming said cover 
layer comprises 0.5% to 20% by weight com- 
patibilizers and rheology modifiers. 

28. A tubing assembly as claimed in claim 27 wherein so 
said compatibilizer and rheology modifier is 
selected from a group consisting of organometal- 
lics, organolphosphates, silanes, acrylate modified 
polyolefins, acrylate derivative modified polyolefins 
and mixtures thereof. 55 

29. A tubing assembly as claimed in claim 27 wherein 
said thermoplastic forming said inner layer is 



selected from a group consisting of fluoropolymers, 
polyamides, polyesters, polyurethanes, polyvinyl 
chloride, polyketones, polylefins and mixtures 
thereof. 

30. A tubing assembly as claimed in claim 29 wherein 
said fluoropolymer is selected from a group consist- 
ing of ethylene tetrafluoroethylene, terpolymers of 
tetrafluoroethylene, hexafluoropropylene, perfiuor- 
omethyvinylether, cholorotrifuoroethylene, ethylene 
chlorotrifluoroethylene, tetrafluoroethylene hex- 
afluoropropylene vinylidene, perfluroralkoxy and 
polyvinylidene fluoride. 

31. A tubing assembly as claimed in claim 27 wherein 
said adhesive layer is a polymer blend having a 
multiphase morphology wherein one phase is mis- 
cible with said thermoplastic forming said inner 
layer and another phase is miscible with said mul- 
tiphase polymer forming said cover layer. 

32. A tubing assembly as claimed in claim 27 wherein 
said multiphase polymer forming said cover layer 
comprises a polymer selected from a group consist- 
ing of copolymers, polymer blends and alloys of 
polyamides, polyesters, polyurethanes, polyvinyl 
chloride, polyolefins, polybutylene terephthalate, 
polyethylene terephthalate and polyalkylene naph- 
thalate. 

33. A tubing assembly as claimed in claim 27 wherein 
said multiphase polymer forming said cover layer 
has a foamed structure. 

34. A tubing assembly as claimed in claim 27 wherein 
said inner layer has a surface resistivity in the range 
of 10 3 to K^ohm/sq. 

35. A multi-layer tubing assembly comprising: 

an extruded inner layer of thermoplastic; 

an adhesive layer coextruded around said 

inner layer; and 

a cover layer of a multiphase polymer coex- 
truded around said adhesive layer. 

36. A tubing assembly as claimed in claim 35 wherein 
said multiphase polymer comprises a polymer 
selected from a group consisting of copolymers, 
polymer alloys and polymer blends of polyamides, 
polyesters, polyurethane, polyvinyl chloride, poly- 
olefins, polybutylene terephthalate, polyethylene 
terephthalate and polyalkylene naphthalate. 

37. A tubing assembly. as claimed in claim 35 wherein 
said thermoplastic forming said inner layer is 
selected from a group consisting of fluoropolymers, 
polyamides, polyesters, polyurethanes, polyvinyl 
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chloride, polyketones, polylefins and mixtures 
thereof. 

38. A tubing assembly as claimed in claim 37 wherein 
said fluoropolymer is selected from a group consist- 
ing of ethylene tetrafluoroethylene, terpolymers of 
tetrafluoroethylene, hexafluoropropylene, perfluor- 
omethyvinylether, cholorotrifuoroethylene, ethylene 
chlorotrifluoroethylene, tetrafluoroethylene hex- 
afluoropropylene vinylidene, perfluroralkoxy and 
polyvinylidene fluoride. 

39. A tubing assembly as claimed in claim 35 wherein 
said adhesive layer is comprised of a polymer blend 
having a multiphase morphology wherein one 
phase is miscible with said thermoplastic forming 
said inner layer and another phase is miscible with 
said multiphase polymer forming said cover layer. 

40. A tubing assembly as claimed in claim 35 wherein 
said multiphase cover layer having a foamed struc- 
ture. 

41. A tubing assembly as claimed in claim 35 defining 
at least one corrugated region. 

42. A multi-layer tubing assembly comprising: 

an extruded metallic inner layer; 

a protective layer of thermoplastic extruded 

around said metallic inner layer; and 

a cover layer of multiphase polymer extruded 

around said protective layer. 

43. A tubing assembly as claimed in claim 42 wherein 
said multiphase polymer forming said cover layer 
comprises 0.5% to 20% by weight compatibllizers 
and rheology modifiers. 

44. A tubing assembly as claimed in claim 43 wherein 
said compatibilizer and rheology modifier is 
selected from a group consisting of organometal- 
lics, organolphosphates, silanes, acrylate modified 
polyolefins, acrylate derivative modified polyolefins 
and mixtures thereof. 

45. A tubing assembly as claimed in claim 42 wherein 
said metal forming said metallic inner layer is 
selected from a group consisting of copper, alumi- 
num and alloy. 

46. A tubing assembly as claimed in claim 42 wherein 
said multiphase polymer forming said cover layer 
comprises a polymer selected from a group consist- 
ing of copolymers, polymer alloys and polymer 
blends of polyamides, polyesters, polyurethane, 
polyvinyl chloride, polyolefins, polybutylene tereph- 
thatate, polyethylene terephthalate and poly- 



alkylene naphthalate. 

47. A tubing assembly as claimed in claim 42 wherein 
said multiphase polymer forming said cover layer 

5 has a foamed structure. 

48. A multi-layer tubing assembly comprising: 

an inner layer of nanocomposite; 
w a layer of adhesive extruded around said inner; 

and 

a cover layer extruded around said layer of 
adhesive. 

15 49. A tubing assembly as claimed in claim 48 wherein 
said nanocomposite is a mixture of a polymer 
matrix resin and inorganic particles. 

50. A tubing assembly as claimed in claim 49 wherein 
20 said polymer matrix resin is selected from a group 

comprising polyesters, polyamides, polyolefins, 
polyketones and mixtures thereof. 

51. A tubing assembly as claimed in claim 49 wherein 
25 said inorganic particle is clay. 

52. A tubing assembly as claimed in claim 51 wherein 
said nanocomposite comprises 0.1% to 10% by 
weight clay. 

30 

53. A tubing assembly as claimed in claim 48 wherein 
said cover layer is extruded multiphase polymer. 

54. A tubing assembly as claimed in claim 53 wherein 
35 said multiphase polymer comprises a polymer 

selected from a group consisting of copolymers, 
polymer alloys and polymer blends of polyamides, 
polyesters, polyurethane, polyvinyl chloride, poly- 
olefins, polybutylene terephthalate, polyethylene 
40 terephthalate and polyalkylene naphthalate. 

55. A tubing assembly as claimed in claim 48 wherein 
said cover layer is extruded thermoplastic. 

45 56. A multi-layer tubing assembly comprising: 

an extruded inner layer of thermoplastic; 
an outer layer of multiphase polymer coex- 
truded around said inner layer; and wherein 
so said multiphase polymer is bonded to said ther- 

moplastic. 

57. A tubing assembly as claimed in claim 56 wherein 
said thermoplastic is selected from a group consist- 
55 ing of fiuoropolymers, polyamides, polyesters, poly- 
urethanes, polyvinyl chloride, polyketones, 
polyolefins and mixtures thereof. 
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58. A tubing assembly as claimed in claim 56 wherein 
said multiphase polymer comprises 0.5% to 20% by 
weight compatibilizer and rheology modifier. 

59. A tubing assembly as claimed in claim 58 wherein 5 
said compatibilizer and rheology modifier is 
selected from a group consisting of organometal- 
lics, organolphosphates, silanes, acrylate modified 
polyolefins, acrylate derivative modified polyolefins 
and mixtures thereof. io 

60. A multi-layer tubing assembly comprising: 

an extruded inner layer of nanocomposite; 

an outer layer of multiphase polymer coex- is 

truded around said inner layer; and wherein 

said multiphase polymer is bonded to said 

nanocomposite. 

61. A tubing assembly as claimed in claim 60 wherein 20 
said multiphase polymer comprises 0.5% to 20% by 
weight compatibilizer and rheology modifier. 

62. A tubing assembly as claimed in claim 61 wherein 
said compatibilizer and rheology modifier is 25 
selected from a group consisting of organometal- 
lics, o rg an olphosp hates, silanes, acrylate modified 
polyolefins, acrylate derivative modified polyolefins 
and mixtures thereof. 

30 

63. A multi-layer assembly for fluid and vapor handling 
and containment systems comprising: 

an extrudable layer of modified fluoropolymer 
containing a reactive group; 35 
a layer of polar polymer extruded around said 
layer of modified fluoropolymer; and 
wherein said layer of modified fluoropolymer is 
bonded to said layer of polar polymer. 

40 

64. The multi-layer assembly as claimed in claim 63 
wherein said polar polymer is selected from a group 
consisting of polyamides, modified polyamides, 
polyamide alloys and polyamide blends. 

45 

65. The multi-layer assembly as claimed in claim 63 
wherein said reactive group is selected from a 
group consisting of acrylate, maleic anhydride, iso- 
cyan urate and mixtures thereof. 

50 

66. The multi-layer assembly as claimed in claim 63 
wherein said fluoropolymer to be modified is 
selected from a group consisting of ethylene 
tetrafluoroethylene, fluorinate ethylene propylene, 
hexafluoropropylene, perfluoromethyvinylether, 55 
chlorotrifluoroethylene, ethylene chlorotrifluoroeth- 
ylene, tetrafluoroethylene hexafluoropropylene 
vinylidene, perfluoromethyvinylether, chlorotrifluor- 
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oethylene, ethylene chlorothrifluoroethylene, 
tetrafluoroethylene hexafluoropropylene vinylidene, 
perfluoroalkoxy, polyvinylidene, polytetrafluo meth- 
ylene, and copolymers, blends and mixtures 
thereof. 

67. A multi-layer assembly for fluid and vapor handling 
and containment systems comprising: 

an extrudable layer of conductive fluoropolymer 

containing a conductive filler; 

a layer of polar polymer extruded around said 

layer of modified fluoropolymer; and 

wherein said layer of modified fluoropolymer is 

bonded to said layer of polar polymer. 

68. The multi-layer assembly as claimed in claim 67 
wherein said polar polymer is selected from a group 
consisting of polyamides, modified polyamides, 
polyamide alloys and polyamide blends. 

69. The multi-layer assembly as claimed in claim 67 
wherein said conductive filler is a mesophase pitch- 
based graphitic foam in particle form with extremely 
high electric and thermal conductivity for dissipating 
static electrically energy and thermal energy. 

70. The multi-layer assembly as claimed in claim 67 
wherein said conductive fluoropolymer comprises 
0.1% to 15% by weight conductive fillers. 

71. The multi-layer assembly as claimed in claim 67 
wherein said fluoropolymer to be modified is 
selected from a group consisting of ethylene 
tetrafluoroethylene, fluorinate ethylene propylene, 
hexafluoropropylene, perfluoromethyvinylether, 
chiorotrifluoroethylene, ethylene ch I orotrifluo meth- 
ylene, tetrafluoroethylene hexafluoropropylene 
vinylidene, perfluoromethyvinylether, chiorotrifluor- 
oethylene, ethylene chlorothrifluoroethylene, 
tetrafluoroethylene hexafluoropropylene vinylidene, 
perfluoroalkoxy, polyvinylidene, polytetrafluoroeth- 
ylene, and copolymers, blends and mixtures 
thereof. 

72. A multi-layer assembly for fluid and vapor handling 
and containment systems comprising: 

an extrudable layer of conductive fluoropoly- 
mer; 

a layer of modified fluoropolymer containing a 
reactive group extruded around said layer of 
conductive polymer; 

a layer of polar polymer extruded around said 
layer of modified fluoropolymer; and 
wherein said layer of modified fluoropolymer is 
bonded to said layer of polar polymer. 
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73. The multi-layer assembly as claimed in claim 72 
wherein said polar polymer is selected from a group 
consisting of polyamides, modified polyamides, 
polyamide alloys and polyamide blends. 

74. The multi-layer assembly as claimed in claim 72 
wherein said reactive group is selected from a 
group consisting of acrylate, maleic anhydride, iso- 
cyanurate and mixtures thereof. 

75. The multi-layer assembly as claimed in claim 72 
wherein said fluoropolymer to be modified is 
selected from a group consisting of ethylene 
tetrafluoroethylene, fluorinate ethylene propylene, 
hexafiuoropropylene, perfluoromethyvinyiether, 
chlorotrifluoro ethylene, ethylene chlorotrifluoroeth- 
ylene, tetrafluoroethylene hexafiuoropropylene 
vinylidene, perfluoromethyvinyiether, chlorotrifluor- 
oethylene, ethylene chlorothrifluoroethylene, 
tetrafluoroethylene hexafiuoropropylene vinylidene, 
perfluoroalkoxy, polyvinylidene, polytetrafluoroeth- 
ylene, and copolymers, blends and mixtures 
thereof. 

76. The multi-layer assembly as claimed in claim 72 
wherein said conductive fluoropolymer has a sur- 
face conductivity of 1 0 3 to 1 0 8 ohm/sq. 

77. The multi-layer assembly as claimed in claim 72 
wherein said conductive fluoropolymer comprises 
0.1% to 1 0% by weight of conductive carbon black. 

78. The multi-layer assembly as claimed in claim 72 
wherein said conductive fluoropolymer comprises a 
mesophase pitch-based graphitic foam in particle 
form with extremely high electric and thermal con- 
ductivity for dissipating static electrically energy 
and thermal energy. 

79. The multi-layer assembly as claimed in claim 78 
wherein said conductive fluoropolymer comprises 
0.1% to 15% by weight mesophase pitch-based 
graphitic foam In particle form. 

80. A conductive polymer for use as a conductive layer 
in a multi-layer assembly comprising a polymer and 
a mesophase pitch-based graphitic foam in particle 
form with extremely high electric and thermal con- 
ductivity for dissipating static electrically energy 
and thermal energy. 

81. The conductive polymer as claimed in claim 80 
wherein said polymer is selected from the group 
consisting of fluoropolymers, polyamides, polyim- 
ides, polyesters, epoxies, polyurethanes, polyphe- 
nylene sulfides, polyacetals, phenolic resins, 
polyketones, polyvinyl chloride, polyolefins and 
their copolymers, blends, and mixtures thereof. 



82. The conductive polymer as claimed in claim 81 
wherein said fluoropolymer is selected from a group 
consisting of ethylene tetrafluoroethylene, fluori- 
nate ethylene propylene, hexafiuoropropylene, per- 

5 fluoromethyvinylether, chlorotrifluoroethylene, 

ethylene chlorotrifluoroethylene, tetrafluoroethyl- 
ene hexafiuoropropylene vinylidene, perfluor- 
omethyvinyiether, chlorotrifluoroethylene, ethylene 
chlorothrifluoroethylene, tetrafluoroethylene hex- 

10 afluoropropylene vinylidene, perfluoroalkoxy, poly- 
vinylidene, polytetrafluoroethylene, and 
copolymers, blends and mixtures thereof. 

83. The multi-layer assembly as claimed in claim 80 
is wherein said conductive polymer comprises 0.1% 

to 15% by weight mesophase pitch-based graphitic 
foam in particle form. 

84. A multi-layer assembly for fluid and vapor handling 
20 and containment systems comprising: 

an inner layer of a polymeric material; 
a middle layer of a damping material surround- 
ing said inner layer of polymeric material; 

25 an outer layer of a polymeric material surround- 

ing said layer of damping material; and 
wherein said damping materia! has a high 
damping factor and a modulus lower than the 
modulus of said polymeric material forming 

30 said inner layer and the modulus of said poly- 

meric material forming said outer layer. 

85. The multi-layer assembly as claimed in claim 84 
wherein said inner polymeric layer has good chem- 

35 ical resistance. 

86. The multi-layer assembly as claimed in claim 84 
wherein said polymer for forming said inner layer is 
selected from the group consisting of fluoropoiy- 

40 mers, polyamides, polyimides, polyesters, epoxies, 
polyurethanes, polyphenylene sulfides, polya- 
cetals, phenolic resins, polyketones, polyvinyl chlo- 
ride, polyolefins and their copolymers, blends, and 
mixtures thereof. 

45 

87. The multi -layer assembly as claimed in claim 84 
wherein said polymer for forming said outer layer is 
selected from the group consisting of fluoropoly- 
mers, polyamides, polyimides, polyesters, epoxies, 

so polyurethanes, polyphenylene sulfides, polya- _ 
cetals, phenolic resins, polyketones, polyvinyl chlo- 
ride, polyolefins and their copolymers, blends, and 
mixtures thereof. 

55 88. The multi-layer assembly as claimed in claim 84 
wherein said damping material for forming said 
middle layer is selected from the group consisting of 
fluoropolymers, polyamides, polyimides, polyes- 
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ters, epoxies, polyurethanes, polyphenylene 
sulfides, polyketones, polyvinyl chloride, polyole- 
fjns, and copolymers, blends and mixtures thereof. 

89. The multi- layer assembly as claimed in claim 88 5 
wherein said damping material for forming said 
middle layer has a foamed structure. 

90. The multi-layer assembly as claimed in claim 84 
wherein said damping material for forming said 10 
middle layer is selected from the group consisting of 
elastomers, thermoplastic elastomers, and block 
copolymers comprising a rigid block polymer and a 
flexible block polymer. 

15 

91. The multi-layer assembly as claimed in claim 84 
wherein said damping material for forming said 
middle layer is a multiphase polymer. 

92. The multi-layer assembly as claimed in claim 84 20 
wherein said polymer for forming one of said inner 
layer and outer layer is conductive. 

93. The multi- layer assembly as claimed in claim 92 
wherein said conductive polymer comprises a poly- 25 
mer resin and a conductive filler. 

94. The multi-layer assembly as claimed in claim 93 
wherein said conductive filler is a mesophase pitch- 
based graphitic foam in particle form with extremely 30 
high electric and thermal conductivity. 

95. The multi-layer assembly as claimed in claim 93 
wherein said polymer resin is selected from the 
group consisting of elastomers, thermoplastic el as- 35 
tomers, block copolymers, fluoropolymers, polya- 
mides, polyimides, polyesters, epoxies, 
polyurethanes, polyphenylene sulfides, polya- 
cetals, phenolic resins, polyketones, polyvinyl chlo- 
ride, polyolefins, and copolymers, blends and 40 

' mixtures thereof. 

96. A multi-layer assembly for fluid and vapor handling 
and containment systems comprising: 

45 

an inner layer of a metallic material; 
a middle layer of a damping material surround- 
ing said inner layer of polymeric material; 
an outer layer of a polymeric material surround- 
ing said layer of damping material; and so 
wherein said damping material has a high 
damping factor and a modulus lower than the 
modulus of said metallic material forming said 
inner layer and the modulus of said polymeric 
material forming said outer layer. 55 

97. The multi-layer assembly as claimed in claim 96 
wherein said metal for forming said inner layer is 



selected from the group consisting of steel, alumi- 
num, copper and their alloys. 

98. The multi-layer assembly as claimed in claim 96 
wherein said inner layer of metallic material is 
treated with a material selected from the group con- 
sisting of terne, zinc-rich paint, aluminum-rich paint, 
electroplated zinc or zinc-nickel, zinc-aluminum 
alloy, hot dip aluminum, epoxy coating, polyvinyl flu- 
oride or polyvinyl di-fluoride coating, nylon coating 
and combination thereof. 

99. The multi-layer assembly as claimed in claim 96 
wherein said polymer for forming said outer layer is 
selected from the group consisting of fluoropoly- 
mers, polyamides, polyimides, polyesters, epoxies, 
polyurethanes, polyphenylene sulfides, polya- 
cetals, phenolic resins, polyketones, polyvinyl chlo-. 
ride, polyolefins and their copolymers, blends, and 
mixtures thereof. 

100. The multi-layer assembly as claimed in claim 96 
wherein said damping material for forming said 
middle layer is selected from the group consisting of 
fluoropolymers, polyamides, polyimides, polyes- 
ters, epoxies, polyurethanes, polyphenylene 
sulfides, polyketones, polyvinyl chloride, polyole- 
fins, and copolymers, blends and mixtures thereof. 

101 .The multi-layer assembly as claimed in claim 100 
wherein said damping material for forming said 
middle layer has a foamed structure. 

102. The multi-layer assembly as claimed in claim 96 
wherein said damping material for forming said 
middle layer is selected from the group consisting of 
elastomers, thermoplastic elastomers, and block 
copolymers comprising a rigid block polymer and a 
flexible block polymer. 

103. The multi-layer assembly as claimed in claim 96 
wherein said damping material for forming said 
middle layer is a multiphase polymer. 

104. The multi-layer assembly as claimed in claim 96 
wherein said polymer for forming said outer layer is 
conductive. 

105. The multi-layer assembly as claimed in claim 104 
wherein said conductive polymer comprises a poly- 
mer resin and a conductive filler. 

106. The multi-layer assembly as claimed in claim 105 
wherein said conductive filler is a mesophase pitch- 
based graphitic foam in particle form with extremely 
high electric and thermal conductivity. 

107. The multi-layer assembly as claimed in claim 105 
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wherein said polymer resin is selected from the 
group consisting of elastomers, thermoplastic elas- 
tomers, block copolymers, fluoropolymers, polya- 
mides, polyimides, polyesters, epoxies, 
polyurethanes, polyphenylene sulfides, polya- 5 
cetals, phenolic resins, polyketones, polyvinyl chlo- 
ride, polyolefins, and copolymers, blends and 
mixtures thereof. 
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